Objectives: To determine the nutritional and health status of urban infants in two disadvantaged communities in the Western Cape, South Africa with special reference to micronutrient status. The results of this study will serve to plan an intervention study in these communities in the same age group. Design: Cross-sectional study. Setting: Two disadvantaged urban black and 'coloured' communities in the Western Cape, South Africa. Subjects: Sixty infants aged 6 -12 months from each community. Outcome measures: Dietary intake, anthropometric measurements, micronutrient status and psychomotor development. Results: Stunting and underweight were more prevalent in coloured infants (18% and 7%, respectively) than in black infants (8% and 2%, respectively). Anaemia (haemoglobin ðHbÞ , 11 g dl 21 ) was prevalent in 64% of coloured and 83% of black infants. Iron-deficiency anaemia (Hb , 11 g dl 21 and ferritin , 10 ng ml 21 ) was found in 32% of coloured infants and in 46% of black infants. Zinc deficiency was prevalent in 35% and 33% of the coloured and black infants, respectively. Marginal vitamin A deficiency (serum retinol , 20 mg dl 21 ) was observed in 23% of black infants compared with 2% of coloured infants. Of black infants, 43% and of coloured infants 6% were deficient in two or more micronutrients. Six per cent of coloured infants had C-reactive protein concentrations above 5 mg l 21 compared with 38% of the black infants. The dietary intake of micronutrients was in general lower in black infants than in coloured infants. The overall psychomotor development, assessed by the Denver Developmental Screening Test, was different between the two groups. The coloured infants scored higher in three out of the four categories as well as in their overall score. Conclusions: This study shows that information on stunting and wasting only in urban disadvantaged infants is not sufficient to make recommendations about specific community intervention programmes. Information on the micronutrient status, independent of wasting and stunting, is necessary to design nutrition programmes for different communities. The study also showed a substantially higher prevalence of micronutrient deficiencies among black infants.
The disadvantaged circumstances in which families live in peri-urban communities in developing countries and its consequences on health are reported frequently. Infants growing up in these communities are vulnerable with reference to health and nutrition 1, 2 . There are no detailed reports in South Africa comparing the nutritional status of different ethnic groups of infants in disadvantaged communities. Often the age groups studied include a wider age range 3, 4 . Conclusions with regard to infants aged 6-12 months are limited in such studies. Specific information on infants is necessary in order to plan community nutrition intervention programmes to reduce the vulnerability of young children at the age of weaning 5 . Adequate nutritional status is a prerequisite for good physical and mental development of vulnerable commu-nities 1, 6 . In these communities the emphasis is mostly on the nutritional quantity of the food pattern and less on the quality of diet 7 . Therefore information on the prevalence of stunting and wasting of infants and children in the absence of information on micronutrient status may not be sufficient to judge the nutritional health status 8 . This paper reports the nutritional health status of 6-12-month-old disadvantaged infants living in two adjacent peri-urban communities historically known as black and 'coloured' communities. We compare the nutritional status of the two groups using both anthropometric and biochemical information.
Methods

Study area and design
The study was done between February and June 1998. The study population came from two adjacent peri-urban communities in the Western Cape, South Africa. The two communities were historically categorised as being 'coloured' (Cloetesville) and black (Kayamandi). It was a cross-sectional study. The aim was to establish the nutritional status of 6 -12-month-old disadvantaged infants in these two urban communities. From each of the two communities, 60 children aged 6-12 months were randomly selected from clinic records. Children visiting the clinic who did not have a clinic record were also included in the sampling procedure to ensure maximum representation of the 6-12 month age group in these communities. Appointments were made with the mothers to visit the local day clinic on three occasions during the week to enable the repetition of some of the measurements. Data collection was done over a period of four months. Those who defaulted were visited and accommodated during another session. If a mother -child pair did not default they would complete their three visits within a period of two weeks. In each community two research assistants were trained in all aspects of data collection. The Medical Research Council gave ethical approval for the study.
Anthropometry
Measurements of weight and length were taken without shoes and in light clothing as described by Jelliffe and Jelliffe 9 . Weight of both infant and mother was measured to the nearest 0.1 kg using a calibrated electronic load cell digital scale (UC-300 Precision Health Scale). Length of infants was measured in the recumbent position on a baby board to the nearest 0.1 cm. Height of mothers was measured using a stadiometer attached to a wall. Anthropometric indicators including Z-scores for heightfor-age (HAZ), weight-for-age (WAZ) and weight-forheight (WHZ) were calculated using the Epi Info version 6.04a software program 10 . The prevalence of stunting, underweight and wasting was defined as the percentage of individuals who had a HAZ, WAZ and WHZ score below minus two standard deviations (22SD) of the National Center for Health Statistics (NCHS) reference median 11 . The severity of undernutrition was categorised according to the World Health Organization (WHO) categories 12 
.
Information on low birth weight was obtained from clinic records.
Laboratory analyses
A venous blood sample was collected from each infant. Whole blood was analysed on a Coulter Counter for haemoglobin value (Hb). Serum ferritin concentration was determined immunoradiometrically (Becton Dickinson). Total iron and total iron binding capacity (TIBC) were analysed using Boehring Mannheim kits (catalogue numbers 125806 and 1553704, respectively). Transferrin saturation was calculated by expressing total serum iron as a percentage of total iron binding capacity. Plasma retinol was determined using a slightly modified version of the reversed-phase high-performance liquid chromatography (HPLC) method described by Catignani and Bieri 13 . Serum zinc was determined through atomic absorption spectrometry. The determination of C-reactive protein (CRP) was done by particle-enhanced nephelometry (N Latex CRP, Boehring).
Morbidity
A morbidity questionnaire was completed for each child during the first visit. Information on the occurrence of diarrhoea, upper respiratory tract infections, skin infections and the presence of other illness was collected. A paediatrician gave each child a full physical examination after anthropometric measurements were taken. Children who presented with serious health problems were referred to the local hospital.
Dietary intake
Dietary intake was measured in triplicate by 24-hour dietary recall. A registered dietician trained the research assistants of both communities in the methodology of the 24-hour recall during a mutual training session prior to the study. During a pilot study on 20 children the research assistants were observed while fulfilling their activities and final adjustments were made to their methods. Recalls included weekdays and weekends over a period of two weeks to ensure that the information collected reflected the habitual diet. Data on breast-feeding and weaning practices were also collected by questionnaire. This questionnaire included questions on duration of breastfeeding, weaning practices and introduction of complementary food. Breast milk consumption was estimated 14, 15 at 750 ml day 21 . Dietary data were encoded using the MRC food composition tables 16 . Portion sizes were estimated according to the MRC food quantities manual 17 . The dietary intake was compared with the Recommended Dietary Allowances (RDAs) 18 .
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Denver Developmental Screening Test (DDST) A questionnaire determining the level of mental and motor development of each child was administered to all children aged 6-12 months 19 . For this age group items of the age range 4.9-13.5 months were selected so as to include easy and more difficult items to accommodate children of all levels of development. There are four categories in the test, namely personal social, language, gross motor and fine motor. The research assistants scored the test based on observations and recalls from both themselves and the mothers. Each child's score was calculated by expressing the number of positive observations as a percentage of the maximum possible positive observations. The DDST scores were calculated as the number of positive scores. Each mother and child were interviewed in a separate room to ensure a peaceful and quiet environment as well as a consistent environment for repeat measures. Fieldworkers had been thoroughly trained to ensure correct and consistent execution of the test items.
Statistical analyses
The SPSS statistical package version 9.0 was used for data analyses. The t-test was used to test for differences between continuous variables with equal variances. For unequal variances, the Wilcoxon signed rank test was used.
Results
Sociodemographic information
Both communities had low socio-economic status. Using socio-economic criteria the black community was clearly more disadvantaged than the coloured community. In the black community the majority of people (80%) lived in informal housing whilst in the coloured community the majority (94%) lived in brick houses. Only 11% of black households had access to water in their homes as opposed to 81% of coloured households. A similar distribution was apparent with regard to sanitation. Only 11% of black residents had toilet facilities in their dwellings compared with 79% of coloured residents. The majority of coloured households (93%) owned a refrigerator, while 55% of black households owned a refrigerator. In both communities more than 90% had electricity in their homes. However, only 39% of black people used electricity for cooking as opposed to 100% in the coloured community. Gas and paraffin were used as alternative means of cooking. Table 1 shows the general characteristics of the study population. There was very little difference between the two communities with respect to mean weight and height. The only significant difference was in weight-for-age Z-score (WAZ). The coloured children had a significantly lower mean WAZ score than the black children. Stunting was present in 18% of coloured and 7% of black infants. Underweight was prevalent in 8% of coloured and in 2% of black infants. There was no wasting in either of the two communities. The prevalence of low birth weight (birth weight , 2500 g) was 28% in coloured children and 10% among blacks. Maternal height did not differ between the two communities; however, weight and body mass index (BMI) were higher in the black women.
Anthropometry
General health
Twenty-eight per cent of black children and 23% of coloured children were reported to have had diarrhoea during the two weeks prior to the clinic visit. Upper respiratory tract infections were reported in 39% of black and 74% of coloured children during the same period. Skin infections were present in 27% of black and 12% of coloured children. Table 2 shows that mean levels of haemoglobin, serum retinol and albumin were significantly lower in black than in coloured infants. Table 3 shows the prevalence of micronutrient deficiencies. Marginal vitamin A deficiency was especially prevalent among blacks (23%). A high number of both coloured (64%) and black (83%) infants were anaemic. The prevalence of low serum iron in black children (50%) was twice that in coloured children (26%). The prevalence of low serum ferritin was similar in coloured (34%) and black (39%) infants. Both communities had a similar prevalence of zinc deficiency. C-reactive protein, an indicator of infection, was considerably higher in black children (38%) than in coloured children (7%). Infants with high CRP level had significantly ðP , 0:05Þ higher ferritin levels than those with low CRP level. Zinc deficiency in the presence of iron deficiency was observed in 21% of black and 4% of coloured infants. Eleven per cent of black infants and 2% of coloured infants had vitamin A deficiency together with iron deficiency. Vitamin A deficiency in the presence of zinc deficiency was prevalent among 7% of black infants. Vitamin A deficiency together with zinc and iron deficiency was present among 4% of black infants.
Micronutrients
Dietary intake
Most nutrients, apart from vitamin C, were consumed in lesser amounts by black compared with coloured children (Table 4) . Also apparent is the percentage of infants in the black community who consumed less than 67% of the RDA. In particular, the intakes of iron, zinc and vitamin D were low.
Denver Developmental Screening Test
It is very clear that there was a great difference in the DDST scores between the two groups of children (Table 5 ), hence the difference in total scores. The two groups showed similarities only in the fine motor development scores.
Discussion
This study indicates that data on stunting and wasting alone are not sufficient indicators for nutritional status of infants in different communities. In order to judge health risks adequately, information on the micronutrient status of such communities is essential.
The weight-for-age Z-scores observed in the coloured infants were significantly lower than in the black infants. This difference is difficult to explain. However, an explanation may be found in the fact that the prevalence of low birth weight is higher in the coloured than in the black infants. The question may be asked whether the NCHS reference values are applicable to these communities. However, Ulijaszek concluded that, although the *, P , 0:05; **, P , 0:01; ***, P , 0:001. NCHS references have limitations, all major population groupings have a similar growth potential. He argues that observed differences could largely be ascribed to differences in environmental quality experienced: growth is influenced largely by nutritional status and exposure to and treatment of infectious diseases 24 . A study by Droomers et al. supported this by observing Indonesian pre-school children of high socio-economic class growing taller and heavier than the NCHS reference population 25 . Another observation was the higher BMI in the black women compared with the coloured women. High BMI is often observed in black women in South Africa 26 . The prevalence of common illnesses such as diarrhoea, upper respiratory tract infection and skin infections was high in these communities. The high prevalence of micronutrient deficiency could play a crucial role in the aetiology of these infections 27 -30 . However, one would expect the prevalence of illness to be higher in the black community owing to the higher prevalence of marginal vitamin A deficiency and elevated C-reactive protein concentration 31, 32 . The data on infection were predominantly qualitative. Thus it may be that the black children had sub-clinical infections not picked up during the investigation. The high prevalence of elevated C-reactive protein levels in the black children also explains the slightly higher ferritin levels in these children. Ferritin is known to increase with infection. The poor living conditions of the black children may also contribute to the higher prevalence of infections.
The presence of multiple micronutrient deficiencies is an important finding. Many nutrition intervention studies focus on one micronutrient only. In the light of the findings of this study it would be crucial to address micronutrient deficiencies in similar communities with a multiple micronutrient approach. Giving only one micronutrient, e.g. zinc, may potentially be detrimental to a child in creating a higher prevalence of iron deficiency, as zinc and iron compete for absorption in the body 33 . The dietary intake information provides some explanation for the biochemical deficiency seen in this population. It was clear from the repeat 24-hour recall data that the black children did not consume food sufficient in zinc, iron, vitamin D and total energy. The 47% and 31% of black infants consuming less than 67% of the RDA for iron and zinc, respectively, support this observation. In the coloured community, only iron consumption was significantly less than the RDA (25%). The early introduction of complementary food may also contribute to the deficiencies in micronutrients. In both communities the average age of introduction of complementary food was less than 4 months. However, there was a difference in the kind of food introduced in these two communities. The coloured children often received cooked vegetables prepared as part of the adult meals. Although the black children also received traditional food it was most often only maize porridge, which is high in energy but insufficient in essential micronutrients. An important factor to consider is the introduction of commercially manufactured baby foods as a major food source in especially the black children. These products were consumed by more than 80% of black and approximately 70% of coloured children on a regular basis. One may argue that these foods should supply enough nutrients to address the micronutrient needs of these children. However, the 24-hour dietary recall data showed that the majority of mothers use these products in a diluted form, so much so that they cannot possibly supply the required daily needs. If these products are the major source of food for some of these infants one can understand the existing deficiencies.
The results from the psychomotor developmental test also showed large differences between the two communities. The performance of the black infants was lower compared with the coloured infants. The higher prevalence of deficiencies in iron and zinc may have contributed to these differences. Many studies have shown that among undernourished children, mental 34 -36 and motor development 37, 38 are often below normal. The level of poverty may also contribute to the test results. These children come from homes where often five or six people live in two rooms. Exposure to toys and other forms of stimulation very often does not exist.
Results from this study show that deficiencies in iron, zinc and vitamin A remain a concern among urban disadvantaged coloured and black children. These deficiencies are more prominent among the children of the black community, which comprise the major South African population group. With an increasing urban black population, the magnitude of the problem may become a serious public health problem.
